ABSTRACT There is increasing evidence to suggest that dogs are beneficial for children with Autism Spectrum Disorder (ASD) in therapy sessions, and anecdotal reports suggest that dogs may have wider benefits, in a family setting. This study investigated the effect of dog ownership on family functioning and child anxiety. Using a validated scale of family strengths and weaknesses (Brief Version of the Family Assessment Measure-III [General Scale]), we compared parents of children with ASD who had recently acquired a pet dog (n = 42, Intervention group) with a similar group of parents not acquiring a dog (n = 28, Control group) at matched time points. A sub-population (n =14 acquiring a dog, n = 26 controls) completed a parental-report measure of child anxiety (Spence Children's Anxiety Scale). The primary carer completed the scales via telephone at Baseline (up to 17 weeks before acquiring a dog), Postintervention (3-10 weeks after acquisition), and Follow-up (25-40 weeks after acquisition). Over time, scores for family functioning showed significant improvements (reduced family weaknesses, increased strengths) in the dog-owning compared with the non-dog owning group. In comparison with the non-dog owning group, anxiety scores in the dog-owning group reduced by a greater percentage, most notably in the domains of Obsessive Compulsive Disorder (26% greater decrease), Panic Attack and Agoraphobia (24%), Social Phobia (22%), and Separation Anxiety (22%). The results illustrate the potential of pet dogs to improve whole family functioning and child anxiety.
Autism Spectrum Disorder (ASD) affects 62/10,000 individuals globally (Elsabbagh et al. 2012) ; lasting into adulthood it costs society billions of pounds (Knapp et al. 2007) . ASD is incurable, but receiving the correct levels of support considerably enhances quality of life (Batten et al. 2006, p. 3) . Despite this there is concern that many individuals with ASDs do not receive sufficient support (Batten et al. 2006, p. 3; Rosenblatt 2008, pp. 5-7) . Although the use of therapy dogs in autism treatment programs is of increasing scientific interest (Silva et al. 2011; Berry et al. 2013; O'Haire 2013) , to date few studies have explored how pet dogs may bring similar benefits to those affected by autism. Therefore, the aim of this research was to assess the utility of acquiring a pet dog in supporting children with autism and their family members. For the purpose of this paper, we focus specifically on the effects of dog ownership on family functioning and child anxiety.
Parenting a child with autism places high strain on the family unit, even in comparison with the parenting of children with other mental or physical disorders (Dunn et al. 2001; Tonge et al. 2006) . For instance, mothers of children with autism score higher on life stresses and depression scales than parents without a child with autism (Quintero 2010) . Wider negative influences are also observed in the family unit, with reduced quality of life for the parents and family members living with a child with autism (Lee et al. 2007 ). Although traditional focus in the management of autism is predominantly patient-orientated, there is increasing interest in the role of the family and the caregiver in improving the effectiveness of behavior management (e.g., see Brereton and Tonge 2005; Tonge et al. 2006; Green et al. 2010 ). Indeed, research suggests an association between maternal wellbeing and sibling adjustment (Quintero 2010) and a relationship between family functioning and behavioral problems in children with autism (Sikora et al. 2013) . As such there is growing awareness that autism-treatment studies should include measures of family functioning (Fisman et al. 2000; Tunali and Power 2002) ; this may be particularly important when looking at home-based interventions. Given that pet dogs live in the family home, it could be argued that the acquisition of a pet dog is a home-based intervention.
There is a strong association between autism and symptoms of anxiety (Ghaziuddin 2002; White et al. 2009; Mayes et al. 2011) . The nature and role of anxiety in children with ASD is complex and requires further investigations. For instance, the increased social phobia associated with teenagers with ASD may reflect the heightened social challenges they face in comparison with typically developing teenagers (Tantam 2003) and the fact that it is harder for them to adapt to new routines and meet family expectations (Khouzam, El-Gabalawi and Priest 2004) , rather than being inherent to the condition. Increased anxiety in children with ASD has also recently been associated with restricted interests (a typical behavioral symptom of ASD) (Spiker et al. 2012) , highlighting a potential pathway for research focusing on remediating these behavioral issues (i.e., restricted interests, repetitive behaviors). Although the purpose of the present research was not to attempt to disentangle the issues surrounding anxiety and ASD, this brief summary highlights the importance of considering child anxiety in ASD treatment programs. Combined with the existing evidence base of studies which show that trained assistance dogs can reduce anxiety in children with ASD (Smyth and Slevin 2010; Viau et al. 2010) , there is a strong rationale for exploring the effects of pet dogs on child anxiety.
A large number of studies involving dogs and children with ASD have focused on outcome measures directly related to the child, and are limited to the use of dogs in therapy sessions or trained assistance dogs placed in the family home (e.g., Burrows, Adams and Spiers 2008; Solomon 2010; Viau et al. 2010) . The primary focus for study has been communication and social behavior of the subject children, since these are the predominant symptoms of ASD.
Results are generally supportive of potential benefits in these domains; however, the application of findings to pet dogs remains unknown. One of the major benefits of considering pet dogs is that they are more easily accessible than trained assistance dogs, which require substantial time and economic input.
More recently, studies have begun to focus on the potential benefits of pet dogs for the child and caregivers ( Garndgeorge et al. 2012; Carlisle 2014; Wright et al. 2015) , supported by previous studies involving trained assistance dogs that suggest there may be beneficial effects on the overall welfare of the family (Burrows, Adams and Spiers 2008; Viau et al. 2010) . Many of these benefits may not be related to the specific training that these assistance animals receive, but rather are incidental results of the dog being present. Indeed, Grandgeorge et al. (2012) report an increase in pro-social behaviors in children with autism upon acquisition of a pet dog. Parental reports suggest that the presence of an assistance dog in the home results in reduced child anxiety, and this is supported by decreases in cortisol awakening responses in these children following placement of the dog, which increase again following removal of the animal (Viau et al. 2010) . Indeed, there is mounting evidence to highlight the potential benefits of animals in reducing anxiety in a range of mental health disorders, including schizophrenia (Lang et al. 2010 ) and Alzheimer's Disease (Mossello et al. 2011 ). Other benefits reported by parents in these studies include decreased problematic behavior of the child, increased sense of security for the parents, and increased social acknowledgement for family members. These wider positive effects on the whole family could potentially lead to better overall family functioning, which could positively impact upon behavioral problems. In point of fact, pets provide a pivotal role in family functioning (Walsh 2009 ), providing an attachment source which may help bring the family members together (Cain 1983; Kurdek 2008; Grandgeorge et al. 2012) and reduce stress and promote interaction between members of the family group (Allen and Blascovich 1996) .
Given the suggestion that home-based interventions which focus on parent-child interactions are worthy of further investigations (Howlin 2010) , and the increasing interest in the role of animal-assisted therapy (AAT) in the treatment of mental health disorders (e.g., Barker and Wolen 2008; O'Haire 2010) , our aim was to explore the role of pet dogs in the homes of children with autism. Specifically, we aimed to investigate the potential of dogs to improve family functioning in families with children with autism and explore the effects of pet dogs on anxiety in these children.
Methods
Testing procedures were carried out in accordance with the ethical standards of the University of Lincoln Ethical Committee and with the Helsinki Declaration of 1975, as revised in 2000.
Recruitment
Participants were recruited to take part in the study if their child had a confirmed diagnosis of ASD. The diagnosis was confirmed verbally by the parents. All children had received a clinical diagnosis through Children and Adolescent Mental Health Services (CAMHS) in accordance with the DSM-IV criteria (APA 2013).
Parents of children diagnosed with ASD looking to acquire a pet dog were recruited on a voluntary basis via Dogs for the Disabled's PAWS (Parents Autism Workshops and Support) network (http://paws.dogsforthedisabled.org/). The PAWS program involves a series of three workshops that educate parents about dog behavior, welfare, and training, whilst advising on the suitability and integration of pet dogs into families with children with ASD. In addition, postings on websites Wright et al. and social networks related to Dogs for the Disabled and the National Autistic Society (NAS), and word of mouth were used to increase the number of participants. Demographic data relating to the child, dog, and family were collected. A control group of parents who did not acquire dogs were recruited (delayed by 8 months to ensure the volume of data could be collected at the specified inter-sample timescale) through local networks and word of mouth in addition to the above routes, and sampled at matched times. The times at which data were collected were: (i) Baseline (BL); up to 17 weeks before acquiring a dog in the intervention group, (ii) Post-intervention (PI); 3-10 weeks post-dog acquisition; (iii) Follow-up (FU); 25-40 weeks post-dog acquisition. Although the terms post-intervention and follow-up are typically used to describe measurement after the completion of an intervention, the unique nature of dog ownership means that dogs live within the families for an indefinite period. Therefore, we refer to these terms in relation to the start of the intervention (acquiring a dog), rather than completing the intervention (e.g., the death of the dog or it being rehomed). These terms are used in the interest of continuity with our previous reports of data collected during this intervention (Wright et al. 2015) .
Participants
Intervention Group: Ninety-three parents were recruited for the intervention group; of these, 82 completed the baseline sample. Eight of the 11 who dropped out before the baseline sample reported that they decided not to get a dog within the timescale of the study (5 of these transferred to the control group), two acquired a dog prior to baseline and so were excluded; the remaining parent was uncontactable.
Sixty parents completed both the BL and PI samples; 22 dropped out between BL and PI. Eleven of these reported that they would not be acquiring a dog within the study timescale (1 of these transferred to the control group), two were outside of the PI sampling window, two requested to drop out of the research, four were uncontactable, one got a trained assistance dog, two acquired dogs but subsequently rehomed them prior to the PI sample (reasons: one parent reported that the dog was biting the children, one parent was allergic to the dog).
Forty-two parents completed all three sample points (baseline, post-intervention, and follow-up); 18 dropped out between PI and FU, and these eight rehomed the dogs (6 due to child-dog issues; one due to child problems unrelated to the dog; one due to dog training problems unrelated to the child), one requested to drop out of the research, one was uncontactable, and seven were outside of the study timescale (i.e., date of acquisition was too late for follow-ups to be completed).
Control Group: Thirty-two parents were recruited for the control group and of these 28 completed all three samples. Three of the four who dropped out acquired a dog (one before baseline who transferred to the intervention group; one before post-intervention; and one before follow-up). The fourth drop-out completed two interviews but was not contactable for the follow-up. Regarding the intervention group, 95.2% (n = 40) were recruited via the PAWS network and 4.76% (n = 2) from other adverts. In contrast, 32.1% (n = 9) of the controls were recruited from the PAWS network and 67.9% (n = 19) through local autism networks. There were significantly more recruits from the PAWS network in the intervention group ( 2 = 31.848, df = 1, p < 0.001).
Demographics
Demographics for the intervention and control groups are displayed in Table 1 . All children had a confirmed diagnosis of ASD. There was a significant difference in diagnoses between groups in the main population, with a higher proportion of Asperger's/High Functioning Autism and lower proportion of ASD in the intervention group ( 2 = 8.493, df = 3, p = 0.037). This was also true for the subset completing the anxiety scales ( 2 = 11.870, df = 3, p = 0.008). There was no significant difference in carer gender between groups in the main population ( 2 = 0.122, df = 1, p = 0.727) or the subset completing the anxiety scales ( 2 = 0.440, df = 1, p = 0.507). There was no significant difference in number of parents between groups in the main population (χ² = 0.466, df = 1, p = 0.495) or in the subset completing the anxiety scales ( 2 = 1.186, df = 1, p = 0.170). There was no significant difference in child gender between groups in the main population ( 2 = 0.354, df = 1, p = 0.552) or in the subset completing the anxiety scales (χ² = 0.027, df = 1, p = 0.868). Child age ranged from 2 to 16 years (mean ± SD: 8.67 ± 3.34). There was no significant difference in child age between groups in the main population (t (68) = 0.305, df = 68, p = 0.761) or in the subset completing the anxiety scales (t (38) = 0.335, p = 0.739).
There was no significant difference in reported language ability between groups in the main population ( 2 = 0.763, df = 3, p = 0.858) or in the subset completing the anxiety scales ( 2 = 1.843, df = 3, p = 0.606). There was no significant difference in number of siblings between groups in the main population ( 2 = 5.260, df = 4, p = 0.262), but there was in the subset completing the anxiety scales ( 2 = 8.851, df = 3, p = 0.031), with a higher proportion of children having one sibling and a lower proportion having more than one sibling, compared Wright et Uncorrected Proof with the control group. There was no significant difference between the intervention group and control group in ownership of cats (main population: 2 = 1.82, df = 2, p = 0.501; anxiety sub-set: 2 = 4.80, df = 2, p = 0.09), small furry animals ( 2 = 1.51, df = 1, p = 0.27; anxiety sub-set: 2 = 0.636, df = 1, p = 0.540), or other animals ( 2 = 1.21, df = 2, p = 0.545; anxiety sub-set: 2 = 0.309 df = 1, p = 0.637). In the intervention group 36 families acquired a single dog; two families acquired two dogs at the intervention time. The age of the dogs at acquisition ranged from 1.75 to 84 months (mean ± SD: 5.31 ± 13.19). There were 19 male and 25 female dogs. Fifteen were crossbreeds and 29 were purebred, from 11 different breeds: nine Labrador Retrievers (two acquired by one family), four Golden Retrievers, three German Shepherd Dogs (two acquired by one family), three Cavalier King Charles Spaniels, two Miniature Schnauzers, two Cocker Spaniels, one Sussex Spaniel, one Jack Russell Terrier, one West Highland White Terrier, one Border Collie, one Fox Terrier, and one Bernese Mountain Dog. Most (84.1%, n = 37) were acquired from breeders; 9.1% (n = 4) from rescue centres; 6.8% (n = 3) from other sources.
There was no significant difference in sampling timescales between groups for the main population or subset completing the anxiety scales (Table 2) .
Data Collection
The Family Assessment Measure-III (General Scale) provides a quantitative index of family strengths and weakness and is based on the Process Model of Family Functioning that integrates different approaches to family therapy and research (see Skinner, Steinhauer and Sitarenios 2000) . The brief version of this scale (Brief FAM-III) was selected for this study as it is ideal for monitoring family functioning over time or during the course of treatment. The FAM-III (Brief) was completed via telephone by the parent (main carer) at the three sample points: baseline, post-intervention, and follow-up. Control group participants were sampled at matched times.
Child anxiety was measured using the widely validated parent-report measure Spence Children's Anxiety Scale (SCAS, Spence 1998) (or preschool version for younger or more severely affected children). The SCAS is comprised of seven subscales: Total Anxiety, Panic Attack/Agoraphobia, Generalized Anxiety, Social Anxiety/Phobia, Obsessive Compulsive Disorder, Physical Injury Fears, and Separation Anxiety. The pre-school version does not contain the Panic Attack/Agoraphobia subscale. The assessment of child anxiety was introduced at a later time in the study; as such, child anxiety was assessed in a sub-population totaling 40 participants. In the intervention group 14 participants completed the scale, of which three related to female children, with a mean age (± SD) of 9.4 years (± 1.4). In the control group Uncorrected Proof 26 participants completed the scales, of which five were completed for female children, with a mean age (± SD) of 9.1 years (± 3.9).
Data Analysis
Total FAM-III scores were used for data analysis. For the anxiety scales, the scores were converted to percentage of total possible score for each of the subscales (n subscales for Spence version, n subscales for the preschool version), since a mixture of Spence and preschool versions were used depending upon what was considered most appropriate to the child's age and verbal ability (although completed by the parent, wording on the Spence version was not applicable to non-verbal children). This enabled scores from the two versions of the anxiety scale to be incorporated into a single dataset, preventing further reduction of the sample size. Data were found to be normally distributed (Kolgomorov-Smirnov p > 0.05). Summary statistics were calculated and plotted to facilitate visual inspection of results, prior to statistical analysis. FAM-III scores were analyzed using mixed-model ANCOVAs, with group (intervention versus control) as a between subjects factor, sample period (post-intervention and follow-up) as a within subjects factor, and baseline as a covariate (to control for artifacts related to differences in baseline measures between the two groups, which are apparent in the graphed data). Effect sizes are reported using Partial-eta squared (η p 2 ) for which 0.01 = small effect, 0.06 = medium effect, and 0.14 = large effect (Cohen 1988) . Post-hoc tests were completed using Pairwise Comparisons with Bonferroni corrections. FAM-III scores were also investigated further in order to assess clinical relevance by exploring changes from baseline to follow-up in relation to the threshold indicating families are experiencing difficulties. Changes within groups in the proportion of caregivers scoring in the difficulty range at baseline versus follow up were assessed using McNemar's chi-squared tests.
Because anxiety data were collected on a sub-population of a relatively small data set (particularly in the case of the intervention group), with the aim of collecting data for future research in this under-explored area of human-animal interaction, we report mean and percent data for the anxiety measures. This is to help prevent mis-interpretation of the data from tests of statistical inference.
Results

Family Assessment Measure -Version III (Brief)
Between subjects analysis revealed a significant effect of Group (F (1, 67) = 9.355, p = 0.003, η p 2 = 0.122), with reduced scores (reflecting reduced family difficulties/increased family strengths, see Figure 1 ) in the intervention group (47.94 ± 0.99; Corrected Mean ± SEM) compared with the control group (52.70 ± 1.21). There was no significant within subjects effect of Time (F (1, 67) = 0.222, p = 0.639) and no significant interaction effect of Group × Time (F (1, 67) = 0.256, p = 0.614). This suggests that family functioning improved in the dog-owning group compared with the control group (non-dog owning) independent of baseline scores, and this improvement was evident across sampling times.
A significant number of carers moved from above the threshold indicating family difficulties at baseline to below at follow-up within the intervention group (McNemar's p = 0.031), but not within the control group (McNemar's p = 1.0).
Child Anxiety
In Table 3 we report mean, SEM, and percent change data during the intervention. We also include effect sizes (Cohen's d: small = 0.2, medium = 0.5, large = 0.8; Cohen 1992) and Wright et al. power statistics. It is evident that the statistical power of the majority of the comparisons is below the generally accepted standard of ≥ 0.80, as such we do not report inferential statistics.
Comparison of the reduction in anxiety between the intervention group and the control group revealed that Panic Attack and Agoraphobia decreased throughout the sampling times for the intervention group, with an approaching medium effect size between BL and FU. In comparison, the control group showed an initial increase in Panic Attack and Agoraphobia, followed by a small decrease. Over the sampling times (BL-FU) the intervention group showed a 24% greater decrease in Panic Attack and Agoraphobia than the control group. Physical Injury Fears initially increased in the intervention group then decreased with a large effect size. In comparison, Physical Injury Fears in the control group decreased with a medium-large effect size over the sampling times; we discuss this point later on. Social Phobia decreased with a medium-large effect size in the intervention group over the sampling points. In the control group, despite an initial decrease, Social Phobia increased over the study period; the intervention group showed a 22% greater decrease between BL and FU compared with the control group. Obsessive Compulsive Disorders (OCD) gradually decreased, with a medium effect size in the intervention group. In the control group small decreases were observed. There was a 26% greater reduction in OCD in the intervention group compared with the control group between BL and FU. The intervention group displayed medium-large decreases in Separation Anxiety over the study period, whereas the control group demonstrated a small decrease followed by a small increase in Separation Anxiety; between BL and FU, Separation Anxiety decreased 22% more in the intervention group compared with the control group. Total Anxiety decreased over the study in the intervention group. In comparison, decreases in Total Anxiety were only evident at the start of the study for the control group. Total Anxiety decreased 13% more in the intervention group compared with the control group between BL and FU. These data show that over time anxiety reduced more in the intervention group compared with the control group, suggesting that pet dog ownership may help reduce anxiety in children with ASD. 
Discussion
Two key finding emerged from our study: family functioning improved in the dog-owning (intervention) group compared with the non-dog owning (control) group, and child anxiety decreased more noticeably in the dog owning group compared with the non-dog owning group.
With regard to family functioning, those families that were in the dog-owning group demonstrated a greater increase in family strengths (reduced family difficulties) compared with the non-dog owning group, and a significant number of families moved from above the threshold (indicating family problems) to below the threshold (indicating an increase in family strengths). The increase in family strengths was not dependent upon the sampling time at which the parents were interviewed, suggesting that dog ownership brings prompt benefits to family functioning (post-intervention sampling range: 3-10 weeks) and these improvements are stable over at least short time periods (follow-up sampling range: 25-40 weeks). We are currently conducting a long-term follow-up study (3 years post-dog ownership) to determine if there are more enduring changes.
To date there are few studies that have looked at the effects of dogs on family functioning in the homes of children with ASD. One recent study highlighted how an assistance dog can promote family functioning by allowing for normal family routines and behaviors, such as shopping together as a family (Burgoyne et al. 2014 ). The present study supports and extends these findings, showing that a pet dog (as opposed to a trained assistance dog) can also improve family functioning, by increasing family strengths. This may be achieved through reducing stress in the family, and the potential for pet dogs to reduce parental stress has recently been demonstrated (Wright et al. 2015) . A study by Allen et al. (1991) showed that stress levels reduced more in the presence of a dog compared with a friend, indicting the unique processes involved in human-animal interactions as opposed to human-human family interactions. Additionally, the dog represents a common talking point, a stress release, and a shared love which helps unite the family. Given that there were no significant differences in the number of other animals owned in the families (between the intervention and control groups), it seems likely that it is the addition of the dog that has brought about the benefits that we observed. Further research is required to establish the uniqueness of the dog species in bringing about these effects in comparison with other companion animals. However, it could be argued that owning a dog initiates a greater number of shared activities (playing fetch, dog walking, grooming) than owning a cat or other small furry animals; these shared activities may promote family bonding and therefore improve family functioning.
Our research team is exploring the dynamics of this relationship further to better understand how dogs can improve family life. The scale used here is appropriate for research purposes, particularly those studies that require repeat measures. However, given the brevity of it we can only say positive change in family functioning has occurred in the dog-owning group and not the control group, we cannot pinpoint in which relationships and with which individuals this change is most prominent.
Having established the importance of pet dogs and family functioning, this research provides a rationale for future studies to employ more in-depth, time-consuming scales to identify the specific relationships in which pet dogs may positively impact upon family functioning. For instance, studies could explore the effects of different owner-dog activities (number and type of mutual activities) and attachment levels on family functioning. To provide more objective measures of family functioning, family behaviors could be digitally recorded and blind-coded by a researcher. This would help prevent biases (from the family or the experimenter) affecting the results. However, the presence of a recording device is likely to change "normal" family behaviors and is unable to capture family interactions around the household and away from the home.
The exploratory nature of this project means that the potential importance of the relationship between pet dogs and child anxiety was not pertinent until after initial data collection had commenced. Hence, measures of anxiety were only collected on a small sub-sample of the original population (n = 14 in the intervention group). Clear patterns of reduced anxiety were observed in the intervention group. This supports previous studies that have reported the anxiety-reducing effects of service dogs in mental health patients (e.g., Lang et al. 2010; Mossello et al. 2011) , and extends this to show that pet dogs can bring similar benefits.
Comparison of percent difference in anxiety scores between the two groups over the study period revealed that those children who acquired a pet dog (intervention group) showed a greater decrease in anxiety than those children who did not acquire a pet dog. These reductions were most evident in the domains of OCD, Panic Attack and Agoraphobia, Social Phobia, and Separation Anxiety. To date no scientific investigations report the effects of animal companionship on OCD. It is possible that the introduction of a pet dog helps prevent obsessive behaviors, particularly repetitive actions that are characteristic of many individuals with ASD (Turner 1999) , by breaking the cycle through providing a stimulating point of interest (e.g., by playing a game with the dog). It is also possible that by stroking the dog the child engages in repetitive behaviors which are viewed as less problematic by their parent; as well, stroking can bring direct physiological benefits (e.g., reductions in physical stress responses; Allen et al. 1991) . However, we did not collect data on the types of child-dog interactions, therefore it is not possible to support these speculations.
Panic Attack and Agoraphobia and Social Phobia are also common symptoms of ASD; many individuals with ASD are aware of their inability to appropriately engage in social interactions, which results in social disconnection (Attwood 2000) . It could be speculated that the dog provides a vehicle of support and acts as a deflector in social situations and that this reduces the intensity of social interactions, reducing social phobia and agoraphobia stemming from the fear of meeting others. Another consideration is that children in the dog-owning group may have had greater experiences of social interactions. Previous studies have identified that dog owners are more likely to engage in social interaction (McNicholas and Collis 2000) , therefore it may be that, through dog walking and family activities with the dog, the child has encountered a greater number of interactions with other people which has helped to alleviate their fears. Future investigations should control for the amount of time the child spent outside of the home environment and partaking in group activities (e.g., support groups, children's parties) with (or without) their dog, to explore whether exposure impacts upon social anxiety fears.
With regard to Separation Anxiety, the scale measures issues such as being alone, being away from parents, and something bad happening to the parents. It is possible that the children in the intervention group viewed the dog as a constant in their life, which helped to reduce these fears. For instance, whereas the parents may leave for work without any input from the child, the dog typically remains in the home or family environment (e.g., walking the dog as a family).
An interesting pattern of results was observed regarding the Physical Injury Fears subscale; fears decreased with a large effect in the control group throughout the study period, whereas in the intervention group fears initially increased before demonstrating a large decrease. This could reflect the fact that introducing a puppy into the house may bring increased risks of injury (e.g., tripping over the puppy, the puppy's toys, the puppy chewing heels/fingers), which may raise the child's anxiety about experiencing physical harm. However, the data show these fears quickly dissipated; declining more evidently in the intervention group compared with the control group during the two final sampling points. This could reflect that owning a dog may help reduce the child's volatile behavior which decreases the risk and therefore fear of physical injury, or it could be that owning a dog helps improve safety in family outings by being a calming influence (Burrows, Adams and Spiers 2008) .
The comparisons between the two groups reveal promise for the role of pet dogs in reducing anxiety in children with autism, although larger-scale studies are required. Due to the impaired language and communication skills of the children, it was not appropriate to question them about perceived benefits of dog ownership. As such, all interpretations are based on our understanding of ASD and the opinions gathered from qualitative interview data collected from parents (Wright et al. under review) .
It is clear from the graphed data that scores of anxiety and family functioning were different between the two groups at baseline. In particular, the intervention group tended to be slightly worse (more family difficulties and greater child anxiety) than the control group. Whilst this reflects "real-life" variation and the highly individualized nature of autism, we chose to co-vary out the effects of baseline measures to ensure that any improvements between the two groups were not influenced by this difference. However, it is of potential interest to support organizations that those families that had decided to acquire a dog were those experiencing the most problems. It should be pointed out, too, that the dog-owning group was comprised of a larger number of children with Asperger's/high functioning autism compared with the control group. However, there were no significant differences in language abilities between the two groups. Given that anxiety is related to language skills (Hallet et al. 2013 ), this factor is unlikely to be the main explanation for the reduction in anxiety in the dog-owning group.
It is also worth noting that more participants were recruited from PAWS in the intervention group compared with the control group. This may have resulted in parents in the intervention group being biased to reporting positive effects, as it could be argued that these parents were more aware of the potential benefits that dog ownership can bring. However, PAWS focuses on informing owners how to train their dog and build positive relationships, rather than highlighting the benefits of dog ownership to overall family wellbeing. Therefore, it is unlikely that those recruited through PAWS were expecting to observe any more improvements in their family than those recruited through other sources. Additionally, no leading questions were asked (e.g., does your child sleep better since acquiring a dog) but instead were phrased objectively as laid out in the standardized tests (e.g., my child has trouble sleeping due to worry).
The effects reported here highlight the considerable promise of pet-dog ownership in improving the wellbeing of families living with autism. This exploratory study shows that acquiring a pet dog may be associated with improvements in family functioning and child anxiety. Future studies are needed to ascertain the magnitude and generalization of these effects. Nonetheless, this paper provides an important contribution to our understanding of a potential strategy to improve quality of life for families living with a child with autism, and represents a much-needed initial investigation into the value of pet dogs in families with children with autism.
